We examine the stages where the required authorisation procedures for the construction of geothermal investments occur in the implementation process and what role the individual permits play in the process of the investment. The research found that the authorization process is extremely long and very complicated.
IntroductIon
In general, Hungary supports the generation of heat required for district heating, especially if the heat source is produced using gaseous fuels. At present, not many renewable energy sources are suitable for use in district heating. We can only estimate how the future will influence decision makers if district heating continues to be significant and renewable energy sources in the district heating sector will have to be used to a greater extent than at present, as political and financial support will be essential in this case [1] .
When a geothermal investment is implemented, geological, technical, economic, legal, and financial and a few additional conditions must be met. In order to set up and operate geothermal heat investments, the investor must start several authorization procedures have to be initiated. In this paper, we review licensing procedures related to the establishment and operation of geothermal heat investments based on the laws and regulations in force. The investigated official procedures refer to investments directly exploiting geothermal energy extracted from the earth's crust, less than 2,500 meters from the natural surface. There are regulations other than those described above for utilizing energy recovered from layers deeper than 2,500 meters. According to the law, geothermal energy below 2,500 m can be exploited through a concession tender.
examInatIon of regulatory background applyIng to geothermal Investments
As a first step, we grouped the authorization procedures according to which environmental units are affected during the investment, its implementation and operation. These procedures include environmental permits; water permit, construction permit and energy permit procedures. The conduct of these procedures is regulated by the provisions of five laws, which are as follows:
-Act XLVIII of 1993 on mining -Act LIII of 1995 on the general rules on environmental protection, -Act LVII of 1995 on water management, -Act LXXVIII of 1997 on the shaping and protection of built environment, -Act XVIII of 2005 on district heating, In addition to the provisions of the five acts, a number of other statutory implementing regulations have to be followed for a geothermal project. It is a feature of the statutory regulation that none of them regulates the implementation and operation of renewable energy investments solely and exclusively. In order to establish geothermal investments, each law needs to be examined in detail in order to apply the relevant regulations (paragraphs) and to obtain all permits.
As a second step in the study, the geothermal investment was divided into four main phases, which are the following:
-research phase, -planning phase, -implementation phase, -Operational phase.
These phases cover the entire investment and implementation process, from which investors decide to invest in a geothermal project in the given region. The various stages of the investment are characterized by different legal environments, which is why the process and conditions for obtaining the permits specified by the authorities at each stage are described in separate sections. In order to implement a geothermal district heating system, the investors have to start several different procedures, which they can do with the permits previously acquired at some stage of the project's readiness. It can be stated that there is no legal contradiction in the regulation and there is no area or activity that would not be covered by the five mentioned laws and related regulations.
The implementation of licensing procedures would be simplified by a law that regulates the acquisition of the necessary permits for the implementation, the number of licensing authorities and their authorization rights, taking into account the specificities of renewable energy investments, including geothermal energy investments. Figure 1 illustrates the process of a geothermal investment according to the previously mentioned phases, and the time of each application for authorization in this flowchart.
general IntroductIon of authorIty procedures In the four phases of geothermal Investments
In the figure, the process of a geothermal investment can be traced along the full black arrows. In each of the four phases, the events that characterize and take place in the given section give the process a frame. Figure 1 shows the prerequisites for a given event and the results of the sub-given event following the event. On the other hand, it is also evident that where and under what conditions the individual licensing procedures fit into the implementation process of the investment. Separately, we identified where information processes are taking place and where the legal procedures happen. The flow of information is marked with arrows drawn in a continuous line, and the legal procedures is represented in each phase with dashed arrows.
It can be seen in figure 1 that on the basis of individual requests for administrative action, the applicant is in possession of an authorization, depending on where the applicant initiated the action. These permissions were introduced in the "Process prerequisites, information" column. For example, in the planning phase, one of the sub-activities is the planning of underground parts of the production and re-injection wells, and the planning of the surface structures and technological equipment of the district heating plant. A prerequisite for starting a planning activity is obtaining an environmental permit and a preliminary water rights permit. The result of the planning activity is that the facility plans, which are the prerequisites for obtaining a water rights permit, will be completed and then the application for the building permit will be initiated.
It can also be seen in figure 1 that the application for and obtaining a permit for environmental protection, water rights, construction or district heating is required for the implementation of a geothermal investment at every stage of the investment. The individual permits are prerequisites of each other, i.e. application for a district heating installation permit can only be submitted if the investor holds environmental protection, water rights and construction permits. Hereinafter, sub-events taking place in the individual phases shown in figure 1 are introduced in a few sentences.
Research phase
Prior to starting permit procedures, it is necessary to clarify the ownership of the area in which the project will be implemented. If the investor is not the owner of the site, then the consent of the owner to submit the application must be requested before each licensing procedure is initiated.
During the research phase, the builder must obtain four preliminary permits to start the research in the designated area.
These are the following (see figure 1 ):
− Preliminary surface exploration permit. − Research permit. − Preliminary water rights permit. − Preliminary construction permit.
Exploration drills are based on permits, which include the drilling of exploration wells for both production and injection. After processing the physical-chemical parameters of the thermal water that can be obtained from the wells, the examination of the yield of the wells and finally the testing of the production-injection system is carried out.
Planning phase
At this stage, it is necessary to obtain four permits to carry out the planning of the underground and surface facilities. The four permits are as follows (see figure 1) .
− Environmental protection permits (see environmental impact assessment).
− Water rights permit. − Construction permit. − District heating construction and operation permit.
Implementation phase
The implementation phase basically involves the construction of the thermal power plant and the thermal water pipeline and heat zone. The final activities of the phase are the trial operation and putting the completed constructions into operation. In this phase, three different permits are required to start operation after the facility has been built. These are as follows (see figure 1) .
− Water rights operation permit. − Application for occupancy permit. − District heating production facility operational permit.
Operational phase
In the case of geothermal systems, there are specific measures and tests for operation, as described in 101/2007. (XII/23) KvVM (Ministry of Rural Development). These are mandatory tasks and tests that must be specified in the operational rules of the facility On the basis of the tests carried out, the results obtained and their evaluation must be sent to the competent mining inspectorate within one month of the inspection.
In the operation of geothermal wells, the operator is required to pay two different taxes (see figure 1 ):
− water resource use tax, − mining tax.
The payment of the water resource contribution is provided for in Act LVII of 1995 on water management. In Hungary, contribution must be paid according to Act LVII of 1995 on water management after the water supply was recovered and used for economic purposes. Under § 15/C of this act, a user does not have to pay a water supply contribution if the cooled water is reinjected into the aquifer under the water rights permit. The obligation of re-injection has been applied to all energy investments since 2004; i.e. when the production wells are established, the re-injection well must also be constructed. The re-injection well is not different from a technological and financing aspect from the thermal water producing well. This means that if we use the extracted hot water for energetic purposes, both the extraction and the re-injection well have to be drilled (or wells depending on how big the yield of the production well is). At present, when thermal water is used in agriculture it is not mandatory to return the used hot water to the aquifer.
The use of geothermal energy for heating in greenhouses is advantageous both from an environmental and economic aspect; however, the fact that under current regulation, as of December 22, 2020, it will be mandatory to pressurize the greenhouses, may worsen the use of geothermal energy [2] . The thermal water extracted and used for balneology purposes does not need to be reinjected, in which case the water resource use tax is payable. The mining tax is determined in accordance with Act XLVIII of 1993 on mining Government Decree 54/2008; 8/A § Section 1-2 of the latter deals with the determining of the unit value of mineral raw materials and geothermal energy as well as the method of calculating the value. According to Section 20 of the mining act, the state is the owner of the natural geothermal energy.
The energy that the geothermal energy company uses for energy purposes is transferred to the enterprise through recovery. After the recovered geothermal energy, the state is entitled to a share, mining fee. A natural or legal person or a company without legal entity that recovers geothermal energy for energy purposes must pay mining royalties. The mining tax for the extracted geothermal energy must be paid to the mining authority. The mining fee must be calculated and declared on the basis of a self-declaration of specified content. The selfdeclaration must be sent to the Hungarian Mining and Geological Bureau at the same time as the payment. No mining tax must be paid if more than 50% of the extracted geothermal heat is used for heating and domestic hot water, and there is no mining tax for geothermal energy extracted from an energy source below 30 ° C. Table 1 summarizes the types of licensing procedures that arise during the implementation of a geothermal investment. The authorities to which different authorization applications are to be submitted and where licenses are issued at the end of the process are assigned to this. The regulations define the length of administrative procedures, which are listed alongside the authorities. The table shows that different authorities require different time periods for each authorization.
AnAlisys of DoMEsTiC AnD inTERnATionAl REGUlAToRy PRACTiCE

Domestic regulatory practice
There are also two organizations that do not have a deadline for compliance (see table 1 ), these two organizations are the Ministry of Rural Development as the authority of state-owned waters and the Hungarian National Asset Management Inc. as the owner of groundwaters. Thus, it is unpredictable how much time the assessment of applications might take for these organizations, and as a result the implementation of the investment becomes uncertain.
In addition to the administration time, the amount of procedural fee to be paid to the authorities is regulated. These fees must be paid to each authority separately for each application. For each authority, the amount of and the basis for determining the procedural fees are different. There are authorities where you have to pay lump-sum fees (e.g. Ministry of Rural Development), but there are offices where fees are charged based on some performance parameters of the facility (e.g. in case of the Hungarian Energy and Public Utility Regulatory Authority, the procedural fee must be paid based on the performance of the facility). As a result of these procedures, the authorities issue permits after which either the investor initiates a new procedure or the investment is carried out within the legal framework justified by the permit. Regulations define the validity period for each issued permit. These deadlines are usually between one and two years and are normally extendable once.
In order to eliminate the current complex and complex administration, it might be possible to place geothermal investments under the authority of one authority by changing the statutory regulations, and would not distinguish between the depths of the geothermal energy recovered.
Based on the above, we make the following statements regarding the legal regulation of geothermal investments:
− There is no contradiction in the regulation of the investment process and there is no area or activity that would not be covered by some regulation or law. − Each permit application is based on each other, appearing as a prerequisite for each other in the authority application procedure. Figure 1 shows the order of the permit applications indicated in each section as regulated by law. In the figure above, the permit indicated as first must be submitted first or the subsequent applications cannot be initiated without the previously obtained permits. − Simpler administrative procedures would be required instead of complex multi-stage permit procedures with high administrative costs. To do this, a law regulating the use of renewable energy should be established, which would regulate and put the conditions for the establishment and operation of renewable energy investments into a framework. This would allow investors, producers and users in this segment of the energy sector to operate in a predictable, transparent legal environment.
International regulatory practice
In many countries around the world, such as Costa Rica [8] , Canada [9] , Indonesia [16] , and Peru [19] , the use of geothermal energy is regulated by individual laws. As in Hungary, there are eight different laws to be followed in Kenya, such as laws governing forests, water and game management [3] [13]. Geothermal energy developments are regulated in different ways in some member states of Australia. In Queensland, a separate law has been applied since 2010 [14] , while in Western Australia one law regulates oil mining and geothermal energy use [15] . In the United States, geothermal energy was first regulated by law in 1967, in the state of California [4] . Later in 1970, the use of thermal water [5] , [6] was unified in federal law in the whole country. In Europe, Italy [17] and Turkey [7] , [10] , [18] possess significant geothermal energy and regulations of individual legislation must be followed for geothermal energy use. The legal regulation of geothermal investments was examined and compared by experts from four countries in the framework of the "TRANSENERGY" project in Slovenia, Austria, Slovakia and Hungary.
The results [11] were summarized as follows: − Geothermal energy sources are state-owned everywhere except Austria where the owner of the underground energy source is the land owner. − The competence of thermal water recovery is the responsibility of several ministries everywhere, but the areas of responsibility in Hungary are the most fragmented. In the countries examined, water and / or environmental ministries supervise the activity. − Geothermal concession is only in Hungary for the extraction of thermal water below 2,500 m. In this case, the permit procedure is also different from the authorization procedure for aquifers above 2,500 m depth. − The obligation to carry out an environmental impact study based on water recovery rates and performance in the four countries is roughly the same. − Reinjection obligation in case of water recovery for energy purposes is in effect in Slovenia, Austria and Hungary for the total recovered quantity, there is no general obligation in Slovakia, it is decide on an individual basis and the decision is recorded in the water permit. − Monitoring (which refers to the quantity and quality of thermal water production and the current state of the thermal well) and the provision of data within the state framework is regulated in all countries except Austria, where there is no unified monitoring system. − There is no unified specific law regulating renewable energy investments in the four countries examined.
A practical example [12] confirms that the Renewable Energy Act, adopted in 2008 in Germany, has played a major role in boosting the German geothermal industry, supporting geothermal development through an extensive incentive system for the promotion of geothermal district heating from renewable energy sources. Today, energy production from thermal water production takes place in 180 geothermal facilities in Germany, with the vast majority of wells producing and re-injection wells with a capacity of about 260 MWt. Electric power is produced by six power plants: Unterhaching, Landau, Grünwald, Dürrnhaar, Kirchstockach and Sauerlach, with a combined electrical capacity of 27.1 MWe and 122 MWt of district heating systems [12] . In addition, a number of new geothermal power plants and district heating systems are under construction.
conclusIons
In the study, we examined the official licensing procedures related to the establishment and operation of geothermal heat investments based on the laws and regulations in force. We wanted to identify how consistent and transparent the regulatory rules are from an investor's point of view and what difficulties an investor may have in each permit process.
For the implementation of a geothermal district heating system, the investor must now comply with the provisions of five different laws, as well as a number of regulations related to the law. At each stage of the project, investors must initiate several different procedures that they can do with the previously acquired permits. It can be stated that the legal process is complex, but nevertheless, the regulation is consistent and contains no contradiction.
It would be necessary to simplify the administrative procedure because each stage of an investment process is too regulated; permit processes are lengthy and costly. A law on renewable energy should be established that takes the specificities of renewable energy investments and energy production into account. This would provide a more transparent legal framework for investors, producers and users alike. Based on international practices, it can also be stated that specific renewable energy laws have had a very good impact on the growth of geothermal energy investments. In Germany, the introduction of the law in 2008 greatly increased the number of geothermal investments. In order to increase domestic investment, creating conditions similar to those in Germany would be very helpful.
